The mucosa of the small intestine of clinically normal piglets and of piglets with white scours was investigated, using a scanning electron microscope. No new findings on the rough villous pattern of the small intestinal mucosa could be added to those obtained with the stereomicroscope. In the high range of magnification, however, the surface of the different villous forms showed features that could barely be seen with the stereomicroscope. The findings indicate that in general the microstructure of the villous surface differs in the various types of villi.
Part T of this study described the stereomicroscopic picture of the mucosa of the small intestine of 3-week-old clinically normal piglets and of piglets of the same age with white scours [Ill. The appearance of the intestinal mucosa of some of these piglets was also investigated with the scanning electron microscope [6, 131 . Some findings of this study have been reported in preliminary communications [9, lo] . The scanning electron microscopic investigation was carried out to determine whether there were differences in the fine surface structure of the diverse villous forms between clinically normal piglets and piglets with white scours.
Materials and Methods
The intestinal mucosa used in this investigation was from 7 normal and 9 abnormal piglets, which were also used for the stereomicroscopic examination [I I].
Fresh samples of jejunum were obtained from the animals while they were under flutohane anaesthesia. A piece that was the full thickness of the intestinal wall (about 402 MOUWEN 0.5 cmz) was excised, pinned on dental wax with the mucosal surface upwards, and briefly washed with normal saline to remove food debris and mucus. The samples were fixed in 5% glutaraldehyde (buffered with 0.1 M phosphate at pH 7.2) for 5 h at 4 "C, then washed and stored in 0.1 M phosphate buffer, pH 7.2 (containing 0.2 M sucrose), at 4 "C until studied. To prevent distortion, the tissue was kept pinned on the original dental wax during these procedures. The specimens were subsequently dehydrated in increasing strengths of ethyl alcohol and mounted with adhesive on specimen carriers. After dehydration, some of the samples were impregnated for 10 min in an antistatic solution in VUCIIO. The surface of the tissue was coated with a conducting layer of carbongold or gold in a vacuum evaporating unit. The specimens were examined in the Cambridge Stereoscan scanning electron microscope.
Results
In the low range of magnification the scanning electron microscope presented a picture of the villous pattern of the small intestine that was broadly comparable to that obtained with the stereomicroscope. At higher magnifications, however, surface markings were seen that were not visible with the stereomicroscope. The diverse features of the surface of the villi were arranged according to the different villous forms found in normal and abnormal piglets.
Finger-Shaped Villi
At low magnification the surface of finger-shaped villi had a regular pattern of furrows of various depths, with a predominantly horizontal course ( fig. 1 ). They ran at various distances from each other and extended a shorter or longer way around the circumference of the villus. At higher magnification the villous surface between the grooves was flat and structureless in some areas and had a more or less distinct and regular pattern of polygonal cell surface outlines in other areas ( fig. 2 ). In the latter case, the boundaries of individual cells were represented by shallow depressions of the luminal surface. The cell apices were flat or elevated, forming slightly dome-shaped projections that were clearly visible, especially at the umbilicated tip of the villus ( fig. 1 ). In addition, the surface of the villus was pitted with a few small cavities, probably representing the mouths of goblet cells. At still higher magnification the polygonal fields of the cell apices often showed a surface granularity caused by a regular pattern of tiny nodules, which may be the tips of the microvilli ( fig. 3 ). Finally, strands and irregular blobs of mucus, erythrocytes, and bacteria could be seen on the villous surface. by shallow or deep depressions of the luminal surface. The cell apices were flat or elevated, forming dome-shaped projections that were clearly visible, especially at the tip of the villus and in the areas with 'cobblestones'. The other features of the villous surface were the same as for the finger-shaped villus.
Leaf-Shaped, Ridge-Shaped, and Convoluted Villi, and Flat Mucosa
For these structures, low magnification of the intestinal surface usually showed an irregular pattern of furrows of various depths, which ran in all directions, forming an irregular cobblestone appearance ( fig. 6-8 ).
Occasionally the surface was nearly flat ( fig. 9 ). Between the villi the circumvillar basins were visible, and the vestibules of Lieberkuhn's crypts were also distinguishable opening onto the surface of the flat mucosa ( fig. 7, 8) . At higher magnification the surface of the flat areas and 'cobblestone' was structureless or contained a more or less distinct and polygonal pattern of cell-surface outlines (fig. 10 ). The polygonal fields were of varying size, and the cell boundaries were represented by shallow or deep depressions of the luminal surface. The cell apices were often clearly elevated, forming pronounced dome-shaped projections. In addition, the surface of the mucosa was pitted with a variable number of small cavities that were arranged between the polygonal cell surfaces and may represent the orifices of under- lying goblet cells ( fig. 10 ). At still higher magnification the polygonal fields of the cell apices frequently showed a coarse surface granularity caused by an irregular pattern of nodules of varying size, which may be the tips of abnormal microvilli ( fig. 11 ). Finally, strands and irregular blobs of mucus, erythrocytes, and bacteria ( fig. 12 ) could be seen on the surface.
Discussion
The scanning electron microscope showed no new findings on the rough villous pattern of the small intestinal mucosa compared with those seen with on the surthe stereomicroscope [ll] . In the high range of magnification, the surface of the different villous forms showed features that could barely be seen with the stereomicroscope. In general, the microstructure of the villous surface differed in the various types of villi. The most striking features of the surface structure of finger-shaped villi were circular furrows, flat or slightly elevated cell apices, and a tiny surface granularity. The surface of the most atypical villous forms was characterized by a flat or a cobblestone appearance, pronounced dome-shaped cell apices, and a coarse surface granularity.
The cause of the furrows traversing the surface of the villi is unknown.
DEMLING et al. [5] considered them to result from contraction of villi, although they may have been aggravated by the fixing process. They may, however, represent the superficial scallopings, which can be seen in histologic sections [17] . The difference in the course of these furrows between the finger-shaped villi and atypical villi may be caused by a different method of contraction [15] . The lack of these furrows, sometimes seen in atypical villi, may indicate the absence of contraction folds and superficial scallopings.
The absence of contraction folds may be caused by a greater stiffness of the villi, whereas the absence of superficial scallopings indicates immaturity of the epithelium [17] .
The polygonal fields, corresponding to the outlines of the apices of the intestinal chief cells, were also described in man and the rat [l- 3, 5, 7, 8, 18, 191 . Their surface in finger-shaped villi was flat or slightly elevated. According to TONER and CARR [19] , slight differential shrinkage may be in part responsible for the outlining of the surface patterns of individual cells and for the appearance of dome-shaped elevations. DEMLING et al. [5] state that these hemispherical projections result in an increase in the absorption surface of the small intestinal mucosa. The appearance of pronounced domeshaped cell apices, as often seen in atypical villi, suggests a cellular abnormality [19] .
The surface granularity, which often could be seen in finger-shaped as well as atypical villi, possibly corresponds to the microvilli [l, 2, 5, 7, 8, 181. Sometimes features of the microstructure of the villous surface, such as polygonal cell apices and surface granularity, were absent, perhaps because of the mucus or the fuzzy coat of the intestinal microvilli, which is also formed in 3-week-old piglets (161. The small holes, which were arranged between the polygonal cell surfaces, were present in greater numbers in the atypical villous forms. They possibly represent the orifices of the more deeply situated goblet cells [l-3, 5, 7, 8, 191. The extrusion point for the epithelial cells may be represented by the navel, which could be seen at the apex of many finger-shaped villi. Appearances suggestive of cell shedding at the extrusion zone at the tip of the villus have occasionally also been noted in man [l, 191. Bacteria could be often seen on the surface of finger-shaped and atypical villi. This suggests the presence of a bacterial flora intimately applied to the small intestinal mucosa, a phenomenon also demonstrated in man and mice [12, 141. Finally, vestibules of Lieberkuhn's crypts and circumvillar basins could be seen in the abnormal mucosal surface of the small intestine [4] .
